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Description 

FIELD OF THE INVENTION 



70 



,n !h ' . ^ "^'^ '""'''"'^ aluminoxane. a process for p-oducing same and its use More 

iZe^!". T^rr ' """'^ '"''^^ aluminoxane having a large specific surface area and 

further to a catalyst component for polymerization of olefins being a finely divided aluminoxane tha can 

IfTcimno S T? " r""'"' P°'V--zation activity in combnation with a catalysrooiten 
of a compound of a transition metal of Group IVB in the periodic table, and a process for producing same 



PRIOR ART 



andt^ «lnh, nlV ^'Pha-olefins. there has been hitherto known a process in which ethylene 

and an alpha-olefin are copolymenzed in the presence of a titanium compound-type catalyst composed of a 
t, anium compound and an organoaluminum compound or a vanadium ccmpound-type catafysTcompoid 
ILZT"" "°TT °^9-oaluminum compound. Generally. ethylene/alpha-oJn copiers 

^ordtlSt"!'"' •'♦""'"'"-♦yP^ been wide in molecular weight distribution and composi- 

tion d.stnbution and poor m transparency, surface non-tackiness and dynamic properties Moreover 
ethylene/a pha-olefm copolymers obtained by using the vanadium-type catalyst have become fairVy narrow 
ITJrknJ: "^'f * ^^--PO-t- *«'ribution and quite improved in transparency.' surface 

non-tack ness and dynamic properties compared to the ethylene/alpha-olefin copolymers formed by using 
the titanium-type catalyst. However, the latter copolymers are still insufficient in usage requiring theS 
H T^^T'" 'T'''' ^«'^y'«"e/a'P'^a-olefin copolymers having more Tm'p ove^ 

propertes have been demanded. Besides owing to low polymerization activity, a large amouint of the 
catalyst remains in the resulting polymers, and a so-called ash removal step of removing tlTe cata vst 
component from the polymers is needed. 'emovmg me catalyst 

nmnolT""^' ^ ""TT """"^^^ °' a compound and en aluminoxane has been lately 

proposed as a new Ziegler-type olefin polymerization catalyst. 

or mt^TnH^ ofrT" ^fT tPP"<=^*'°" 19.309/1983 describes a process wherein ethylene and one 
or more kinds of Cs-C,^ alpha-olefins are polymerized at a temperature of -50 -C to 20-C in the presence 
of a catalyst composed of a transition metal compound represented by formula 

(cyclopentadienyl)2Me R Hal 

denots'hlg" '.'aT ^^^'^P^^'^^'^^^'- ^'"^^ ^ <^enotes a transition metal and Hal 

a linear aluminoxane represented by formula 

Al20R4(AI(R).0)n 

wherein R denotes methyl or ethyl and n denotes a number of 4 to 20. or 
a cyclic aluminoxane represented by formula 



Al(R)-0* 



n-2 



wherein R and n are as defined above. 

?h!i«„Th?'f Application indicates that to adjust a density of the obtained polyethylene, 

ethylene has to be polymenzed in the presence of as small as up to 10% by weight of an alpha-oIefln or iS 



mixture. 



. by weight of an alpha-olefin or its 

Japanese Laid-open Patent Application No. 95.292/1984 describes a process for producing a linear 
aluminoxane represented by formula v^viui,...y „ ..near 
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R ? 

^Al-0-{Al-0)^-Al^ 
R^ n \ 



wherein n denotes 2 to 40 and R denotes Ci-Cs alkyi, and 
a cyclic aluminoxane represented by formula 



10 



15 



20 



R 



n-2 



wherein n and R are as defined above. 
Said Japanese Laid-open Patent Application men,tions that when an olef n is polymerized in the presence of 
a mixture of e.g. methylaluminoxane produced by the above process and a bis(cyclopentadienyl) compound 
of titanium or zirconium, more than 25.000.000 g. per gram of a transition metal, of polyethylene Is obtained 
for one hour, 

Japanese Laid-open Patent Application No. 35,005/1985 discloses a process for producing a catalyst for 
polymerization of olefins which comprises first reacting an aluminoxane compound represented by formula 



25 



^^A1-04A10) Al, 
n 



30 wherein R^ denotes Ci-Cio alkyI, Ro is R^ or together with R\ denotes -0-, 

with a magnesium compound, then chlorinating the reaction mixture, and further treating the chlorinated 
substance with a compound of Ti. V. Zr or Cr. Iln said Japanese Laid-open Patent Application, it is stated 
that the above catalyst is most suited to copolymerize ethylene with a Cj-Ci2 alpha-olefin. 

Japanese Laid-open Patent Application No. 35.006/1985 discloses a combination of (a) two or more 

35 different types of mono-, di- and tri-cyclopentadienyls or their derivatives of transition metals and (b) 
aluminoxanes as a catalyst for preparation of blend polymers. Example 1 of said Japanese Laid-open 
Patent Application shows that ethylene and propylene are polymerized in the presence of a catalyst 
composed of bis(pentamethylcyclopentadienyl)zirconiumdimethyl and an aluminoxane to provide polyethyl- 
ene having a number-average molecular weight of 15.300. a weight-average molecular weight of 36.400 and 

40 a propylene content of 3.4%. In Example 2 otf same, ethylene and propylene are polymerized in the 
presence of a catalyst composed of bis(methylcyclopentadienyl)zirconium dichloride and an aluminoxane to 
afford a blend of polyethylene and an ethylene/propylene copolymer consisting of a toluene-soluble portion 
having a number-average molecular weight of 2.200 and a weight-average molecular weight of 11.900 and 
containing 30 mole% of a propylene component and a toluene-insoluble portion having a nunnber-average 

45 molecular weight of 3.000 and a weight-average molecular weight of 7.400 and containing 4,S mole% of a 
propylene component, said blend having a number-average molecular weight of 2.000 and a weight-average 
molecular weight of 8.300 and containing 7.1 mole% of a propylene component. Example 3 of same 
indicates a blend of LLDPE and an ethylene-propylene copolymer consisting of a soluble portion having a 
molecular weight distribution (Mw/Mn) of 4.57 and containing 20.6 mole% of a propylene component and an 

50 insoluble portion having a molecular weight distribution of 3.04 and containing 2.9 mole% of a propylene 
component. 

Japanese Laid-open Patent Application No. 35.007/1985 involves a process wherein ethyllene alone is 
polymerized or ethylene and an alpha-olefin having 3 or more carbon atoms are copolymerized in the 
presence of a catalyst composed of metallocene and a cyclic aluminoxane represented by formiula 
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n+2 



wherein R denotes an alkyi group having 1 to 5 carbon atoms and n denotes an integer of 1 to about 
20. or 

a linear aluminoxane represented by formula 



R(Al-O) AIR^ 
I n 2 

R 



wherein R and n are as defined above. 
The polymer yielded by the above process is described to have a weight-average molecular weight of 
about 5,000,000 to about 1.400.000 and a molecular weight distribution of 1.5 to 4.0. 

Japanese Laid-open Patent Application 35.003/85 mentions that polyethylene or an ethylene/Ca-Cio 
alpha-olefin having a wide molecular weight distribution is produced by using a catalyst system composed 
oj_at Jeast two metallocenes and aluminoxane; stating that the copolymer has a molecular weight distribution 
(Mw/Mn) of 2-50. 

The catalysts formed from the transition metal compounds and alurr.inoxanes which are proposed in 
these prior technologies have markedly excellent polymerization activity compared to hitherto known 
catalyst systems composed of transition metal compounds and organoaluminum compounds. However, 
most of the catalyst systems proposed there are soluble in a reaction system and mainly used in solution 
polymerization: thus, a process is limited. Besides, when a polymer having a high molecular weight is 
produced, a solution viscosity of the polymerization system goes quite high inconveniently, and a bulk 
specific gravity of the polymer obtained by the post treatment of the solution system is low, making it hard 
to form a polymer having excellent properties as powder. 

On the other hand, an attempt has been made to polymerize olefins by suspension polymerization or 
gaseous phase polymerization using a catalyst wherein one or both of the aforesaid transition metal 
compounds and aluminoxanes are supported onf carriers of porous inorganic oxides such as silica, 
silica/alumina and alumina. 

For example, said Japanese Laid-open Patent Applications Nos. 35.006/1985. 35.007/1985 and 
35.008/1985 describe the use of the catalyst wherein the transition metal compounds and aluminoxanes are 
supported on silica, silica/alumina or alumina. 

Japanese Laid-open Patent Applications Nos. 106.808/1985 and 106.809/1985 propose a process for 
producing a composition composed of a polyethyilene-type polymer and a filler formed by polymerizing 
ethylene or copolymerizing ethylene with an alpha-olefin in the presence of a substance obtained by 
previously contacting a highly active catalyst component containing titanium and/or zirconium and soluble in 
a hydrocarbon solvent and a filler, an organoaluminum compound and a filler having an affinity for 
polyolefins. 

Japanese Laid-open Patent Application No. 31.404/1986 proposes a process for polymerizing ethylene 
or copolymerizing ethylene with an alpha-olefin in the presence of a catalyst mixture composed of a product 
obtained by reacting a trialkylaluminum with water in the presence of silicon dioxide and alumimum oxide, 
and a transition metal compound. 

Japanese Laid-open Patent Application No. 276,805/1986 proposes a process for polymerizing an olefin 
in the presence of a catalyst composed of a zirconium compound and a reaction mixture obtained by 
reacting a reaction mixture of an aluminoxane and trialkylaluminum with an inorganic oxide having a surface 
hydroxyl group such as silica. 

Japanese Laid-open Patent Application No. 108.610/1981 proposes a process for polymerizing ethylene 
or copolymerizing ethylene with an alpha-olefin in thie presence of a catalyst mixture composed of a product 
obtained by reacting a trialkylaluminum with water in the presence of silicon dioxide and alumimum oxide, 
and a transition metal compound. 

However, even if olefins are polymerized or copolymerized by suspension polymerization or gaseous 
phase polymerization using the carrier supported solid catalyst components proposed in these prior 
technologies, the polymerization activity heavily decreases In comparison to the aforesaid solution poly- 
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merization, characteristics inherent in the catalyst composed of the transition metal compound catalyst 
component and the aluminoxane catalyst component are not exhibited enough, and properties as a powder, 
e.g. a bulk specific gravity, of the resulting polymer are also Insufficient. Moreover, because the inorganic 
compounds used as the carriers have high melting points, they are at times observed in the polymer as 
appreciable foreign matters, impairing the appearance of films or decreasing the strength of films, for 
example. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a finely divided aluminoxane having a large specific surface 
area and a uniform particle size, and more specifically to provide a catal/st component for polymerization of 
olefins being a finely divided aluminoxane that can form a catalyst having a high olefin polymerization 
activity in combination with a catalyst component of a compound of a Tansition metal of Group IVB in the 
periodic table. 

Another object of this invention is to provide a process for producing a finely divided aluminoxane 
having a large specific surface area and a uniform particle size. 

According to this invention, the above objects are achieved by a finsly divided aluminoxane comprising 
an aluminoxane represented by formula [I] or [II] 



R,A140-Alf AIR^ 



(I] 



in+2 



[II] 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 

50. 

and having an average particle size of 5 to 200 um and a specific surface area of 20 to 1,000 m^/g. 

Further, according to this Invention, the above objects are achieved by a process for producing a finely 
divided aluminoxane which comprises contacting a solution of an aluminoxane represented by formula [II or 
[II] 

R^A140-Alf AIR^ [I] 
2 , m 2 



O^AIA 



m+2 



III) 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an Integer of 2 to 

50. 

with an aluminoxane-insoluble or -sparingly soluble solvent to precipitate a finely divided solid aluminoxane 
In suspension, and a process for producing a finely divided aluminoxaie which comprises spray drying a 
solution of an aluminoxane represented by formuBa [I] or [II] 
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R-Al^O-Alf A1R_ 
* , m 2 

R 



(11 



10 



R 



nil 



^ wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 
to form a finely divided solid aluminoxane. 

Still further, according to this invention, the above objects are achieved by a catalyst component for 
fotrm or Il-r ' ^'"P^s'^g an aluminoxane reZemed by 



20 



R,A140-Alf A1R_ 
R 



[Z] 



25 



-Al* 



m-l-2 



tin 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 
30 and having an average particle size of 5 to 200 um and a specific surface area of 20 to 1 .000 m^/g. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



35 or [II]: 



The finely divided aluminoxane of this invention comprises an aluminoxane represented by formula 



[I] 



40 



45 



50 



55 



R,A140-A1J. AIR- 

^ I ID 2 



m+2 



II] 



III] 



Fvlnt T ; . " ^ ^y'^^^'^^*"" 9'°"P '^^^'"9 1 to 10. preferably 1 to 4 carbon atoms. Concrete 
Exaa)ples thereof mcludes methyl, ethyl, propyl, isopropyl. isopropenyl. n-butyl. sec-butyl, tert-butyl pentyl 
hexyl, oc^ decyl. dodecyl. tridecyl. tetradecyl. hexadecyl. octadecyl. eicosyl. cyclohexyl cyclooJ Jl 
pheny . tolyl and ethylphenyl groups. Of these..the rr^ethyl. ethyl and isobutyl groups are preferable and the 
methyl group .s most preferable, m is 2 to 50. preferably 6 to 40, most preferably 10 to 30 The 
alummoxane may be a halogenated aluminoxane in which in formula.[IJ or [II]. part of R is substituted with a 
halogen atom such as chlorine or bromine and the hialogen content is not more than 40% by weight 
In the aluminoxane of formula |i] or [II], oxyalum inum units of formula 

40-Alf 
R . 
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constituting the aluminoxane may be composed of mixed oxyaluminum units containing different hydrocar- 
bon groups. On this occasion, the aluminoxane is preferably an auminoxane containing at ieast an 
oxymethylaluminum unit of formula 

6 

-tO-Alf 

70 in an amount of preferably at least 30 mole%, miore preferably at least 50 mole%, most preferably at least 
70 mole%. 

The average particle size of the finely divided aluminoxane in this invention is 5 to 200 urn, preferably 
10 to 100 urn, most preferably 20 to 60 urn. and the specific surface area thereof is 20 to 1,000 m^/g, 
preferably 50 to 500 m^/g. most preferably 100 I0 300 m^/g. Where thd average particle size of the finely 
15 divided aluminoxane is less than 5 um, the bulk specific gravity is high when it is used as a catalyst for 
polymerization of olefins, making impossible the formation of olefin polymers having excellent properties as 
a powder. Where said average particle size is larger than 200 um. a large amount of coarse polymer 
particles results when it is used as a catalyst connponent for polymerization of olefins, Inviting troubles such 
as clogging of a polymer discharge outlet or a polymer transportation line. Where the specific surface area 
20 of the finely divided aluminoxane is less than 20 mVg, the polymerization activity decreases when it is used 
as a catalyst component for polymerization of oletins. 

The average particle size of the finely divided aluminoxane here referred to is measured by an optical 
microscope and determined as an average value of particle sizes found from at least 50 particles optionally 
selected. The specific surface area of the finely^ divided aluminoxane is found by utilizing adsorption and 
25 desorption on the surface of the powder based on a theory of a BET one point method. On this occasion, a 
helium/nitrogen (70/30) gas mixture is used as a measuring gas. 

A density of the finely divided aluminoxane is 0.5 to 2 g/ml, preferably 0.7 to 1.7 g/ml. most preferably 
0.9 to 1.5 g/ml. 

Moreover, in this invention, a ratio of the finely divided aluminoxane dissolved in n-hexane held at 25*C 
30 meets a range of usually. 0 to 40 mole%, preferably 0 to 20 mole%, most preferably 0 to 10 mole%. 

The ratio of the finely divided aluminoxane dissolved in n-hexane is found by adding 2 g of the finely 
divided aluminoxane to 50 ml of n-hexane held at 25 'C. then stirring the mixture for 2 hours, separating a 
solution portion by a G-4 glass filter, and measuring an aluminum concsntration of the filtrate. Accordingly, 
the dissolved ratio is determined as a ratio of an aluminum atom present in the filtrate to an amount of an 
35 aluminum atom corresponding to 2 g of the aluminoxane used. 

The aluminoxane of formula [I] or [II] constituting the finely divided aluminoxane in this invention can be 
produced by a hitherto known method. Examples of the method are mentioned below. 

(1) A method wherein one or more trialkylaluminums are added to a hydrocarbon solvent suspension of a 
compound containing an adsorption water or a crystal water-containing salt such as magnesium chloride 

40 hydrate, copper sulfate hydrate, aluminium sulfate hydrate, nickel sulfate hydrate or cerous chloride 
hydrate. 

(2) A method wherein one or more trialkylaluminums are directly reacted with water in a medium such as 
benzene, toluene, ethyl ether or tetrahydrofuran. 

Of these method, the method (1) is preferable. By the way. said aluminoxane may contain a small 
45 amount of an organometallic component. A component of an organomelallic compound such as a halogen- 
containing organoaluminum compound or an organomagnesium compound may be present besides the 
triaklyaluminum. 

As a process for producing a finely divided aluminoxane In this invention, there can be employed a 
process which comprises contacting a solution of the aluminoxane with an aluminoxane-insoluble or 

50 -sparingly soluble solvent to precipitate a finely divided solid aluminoxane in suspension. More particularly, 
it is also possible to employ a process which comprises adding an aluminoxane-insoluble or -sparingly 
soluble solvent to an aluminoxane solution to contact them, or adding an aluminoxane solution to an 
aluminoxane-insoluble to -sparingly soluble solvent to contact then with stirring, and thereby precipitating a 
finely divided solid aluminoxane in suspension, or as required, removing the solvent used to dissolve the 

55 aluminoxane from the resulting mixture obtained by the above contact .via distillation or flash distillation to 
prompt precipitation of the finely divided solid aluiminoxane. 

In contacting the aluminoxane solution with the aluminoxane-insolulrle or -sparingly soluble solvent, the 
ratio of the aluminoxane to the aluminoxane-inslluble or -sparingly soluble solvent Is usually 10 to 10,000 
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parts by weight, preferably 100 to 1,000 parts by weight per 100 parts br weight of the aluminoxane The 
contacting temperature is usually -100 'C to 300 'C. preferably -50 -C to 100 -C. most preferably -30 -C to 
50 -C. The contacting is usually conducted with stirring. In the process cf this invention, the aluminoxane 
solution IS formed from at least an aluminoxane and an aluminoxane dissolving solvent. As a method for 
obtaining the aluminoxane solution, there can be enumerated a method wherein both components are 
simply mixed and a method wherein they are mixed under heating. An amount of a solvent in the 
aluminoxane solution is 0.1 to 50 liters, preferably 0.2 to 10 liters, more preferably 0.3 to 2 liters per oram- 
atom of aluminum in the aluminoxane. 

Examples of the solvent of aluminoxane include aromatic hydrocarbons such as benzene, toluene 
ethylbenzene, propylbenzene, butylbenzene, xylene and chlorobenzene. 

Examples of the aluminoxane-insoluble or -sparingly soluble solvent are generally saturated hydrocar- 
bon solvents. e.g. linear or branched aliphatic hydrocarbons such as pentane. hexane, decane. dodecane 
kerosene and cyclohexane. and alicyclic hydrocarbons such as cycbhexane. norbomane and ethyl 
cyclohexane. ' 

It is advisable that a solvent having a higher boiling point than the solvent employed to obtain the 
aluminoxane solution is used as an aluminoxane-insoluble or -sparingly soluble solvent. 

As a process for producing a finely divided aluminoxane in this invention, there can be employed a 
process wherein the aluminoxane solution is spray dried to obtain the finely divided aluminoxane IWiore 
particularly, the finely divided aluminoxane can be formed by spraying the aluminoxane solution via a spray 
dryer having a two-fluid nozzle concurrently with an inert gas heated at a temperature usually 10 to 500- C 
preferably 50 to 200 -C higher than the boiling point of the solvent while keeping the aluminoxane solution 
at a temperature usually 2 to 100- C, preferably 5 to 50- C lower than tha boiling point of the solvent The 
aluminoxane solution used in this process is the sanne as mentioned above. 

The finely divided aluminoxane of this invention is used as a catalyst component for polymerization of 
olefins. Among others, the finely divided solid catatyst formed from the finely divided aluminoxane catalyst 
component and the catalyst component of the compound of the transition metal of Group IVB in the 
penodic table in this invention has the feature that it has an extremely high polymerization activity even if 
apiDhed to polymerization or copolymerization of olefins by any of dissolving polymerization, suspension 
polymenzation and gaseous phase polymerization, and that even is suspension polymerization or gaseous 
phase polymerization, said catalyst shows a very high activity, making possible the formation of polymers 
having a high specific gravity, thus being excellent in properties as a powder. 

Examples of the method using the catalyst component for polymerization of olefins comprising the 
finely divided aluminoxane in this invention are as follows. 

[1] A method wtiich comprises feeding a finely divided aluminoxane CDmponent and a component of a 
compound of a transition metal of Group IVB in the periodic table to a reaction system, forming a 
oifilj* ^^"""^ a polymerization activity in the reaction system, and polymerizing or copolymerizing 

[2] A method which comprises preparing a cataliyst wherein a component of a compound of a transition 
metal or Group IVB in the periodic table is supported on a finely divided aluminoxane component, and 
polymenzing or copolymerizing olefins in the presence of said catalyst. 

As the method [2] for preparing the catalyst wherein the component of the compound of the transition 
metal of Group IVB in the periodic table is supported on the finely divided aluminoxane component there 
can be employed a method wherein the component of the compound of tha transition metal of Group IVB in 
the periodic table is supported on the finely divided aluminoxane once prepared or a method wtierein the 
connponent of the compound of the transition metal of Group IVB is added in the step of formingi the finely 
divided aluminoxane component, and after the formation of the finely divided aluminoxane a solid catalyst is 
made wherein the component of the compound of the transition metal of Group IVB in the periodic table is 
supported on the finely divided aluminoxane. The following two methods 1) and 2) can be shown as a 
method for producing a solid catalyst for polymerization of olefins wherein the component of the compound 
of the transition metal of Group IVB in the periodic table is supported oo the finely divided aluminoxane 
component. These methods are described in detail in the patent applications Applicant was filed on 
December 27, 1986 and February 4. 1987. 

1) A method for producing a solid catalyst for polymerization of olefins which comprises contacting an 
aluminoxane solution with an aluminoxane-insoluble or -sparingly soluble solvent to precipitate a finely 
divided solid aluminoxane in suspension and form a suspension of the finely divided solid aluminoxane 
and contacting the suspension of the finely divided solid aluminoxane with the solution of the compound 
of the transition metal of Group IVB in the periodic table to form a solid component. 
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2) A method for producing a solid catalyst for polymerization of olefins which comprises spray drying an 
aluminoxane solution to form a finely divided solid aluminoxane, contacting the finely divided solid 
aluminoxane with the solution of the compound of the transition metai of Group IVB in the periodic table 
In the presence of an alumlnoxane-insoluble or -sparingly soluble solvent to form a solid component. 
6 Of these methods, the method 1) can afford a polymer having ve'y good properties as a powder. In 
both the methods 1) and 2), a component such as an electron donor compound to be later described may 
be added in any of the steps. 

The solid catalyst for polymerization of olefins is prepared by the method 1) or 2). and bQth the 
methods go though the step of precipitating the aluminoxane or the step of spray drying the aluminoxane. 
70 Unless impairing the properties of the finely divided aluminoxane to precipitate and spray dry the 
aluminoxane, the method can be performed in the presence of trialkylaluminum such as triisobutylaluminum 
or triisoamylalmlnum. 

The solid catalyst for polymerization of oiefiins obtained by the above method 1) or 2) comprises at 
least 

75 [A] a component of a compound of a transitioni metal of Group IVB in the periodic table and 
[B] an aluminoxane catalyst component, 
a ratio (M/AI) of a transition metal atom (M) to an aluminum metal atom (Al) being 0.2 to 0.001 , an average 
. particle size being 5 to 200 urn and a specific surface area being 20 to 1,000 m^/g. 

The catalyst for polymerization of olefins obtained by the above methods may contain a component of 
20 an electron donor in addition to [A] the catalyst component of the compound of the transition metal and [B] 
the aluminoxane catalyst component. Examples of the electron donor include carboxylic acids, esters, 
ethers, ketones, aldehydes, alcohols, phenols, acid amides, oxygen-containing compounds such as metal 
atom (aluminum or silicon)-0-C bond-containing compounds, nitriles, amines and phosphlnes. The content 
of the electron donor is usually 0 to 1 mole, preferably 0 to 0.6 mole per gram-atom of the transition metal 
25 atom (M). 

In the solid catalyst for polymerization of olelfins, the ratio of the transition metal atom to the aluminum 
metal atom is 0.2 to 0.001 , preferably 0.05 to 0.002, more preferably 0.02 to 0.005. Where the ratio is 
higher than 0.2, the polymerization activity of the catalyst much decreases. Where the ratio iis lower than 
0.001 , the polymerization activity based on the aluminum atom decreases. 

30 The average particle size of the above solid catalyst for polyme'ization of olefins is 5 to 200 um, 
preferably 10 to 100 um, more preferably 20 to 60 um. The average particle size of said solid catalyst for 
polymerization of olefins is measured by an optical rnicroscope and determined as an average value of 
particle sizes found from at least 50 particles optionally selected. 

When the average particle size is less than 5 um, a large amount of a finely divided polymier is formed 

35 in a polymer obtained by gaseous phase polymerization or slurry polymerization using the solid catalyst for 
polymerization of olefins in this invention, and the bulk specific gravity of the polymer is not satisfactorily 
great, making it impossible to obtain a polymer excellent in properties as a powder. Meanwhile, when the 
average particle size is larger than 200 um, large amounts of coarse polymer particles are formed in the 
obtained polymer, causing troubles such as clogging of a polymer particle discharge outlet. Moreover, the 

40 specific surface area of the solid catalyst for polymerization of olefins in this invention is 20 to 1.000 m^/g, 
preferably 50 to 500 m^/g, more preferably 100 to 300 mVg. When the specific surface area is less than 20 
m^/g, the polymerization activity of the catalyst tends to notably decrease. 

The specific surface area of the solid catalyst for polymerization of olefins here referred to is found by 
utilizing adsorption and desorption of gas on the surface of a powder based on a theory of a BET one point 

45 method. A helium/nitrogen (70/30) gas mixture can be taken as a measuing gas. 

In the catalyst component [A], the transition metal of Group IVB in the periodic table is selected from 
the group consisting of titanium, zirconium and hafnium. Titanium and zirconium are preferable as the 
transition metal in the catalyst component [A], and zirconium is most preferable. 

A zirconium compound in which a group having a conjugated v-electron is a ligand can be taken as an 

50 example of the compound of the transition metal of Group IVB in the periodic table in the caitalyst 
component [A]. 

The zirconium compound in which the group having a conjugatec w-electron Is a ligand can be. for 
example, a compound represented by formula (I) 

55 R\R^R3^R*„Zr (I) 

wherein R^ denotes a cycloalkadienyl group.. R^. R^ and R^ each denote a cycloakladienyl. aryl, alkyi, 
cycloalkyi or aralkyi group, halogen, hydrogen, OR*. SR**, NR2*= or PR2^, R'. R**. R^ and R*^ each denote a 
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hydrocarbon group such as an alkyi, cycloalkyl. aryl or aralkyi group, or a silyl group. and may 
together form a ring. k^1andk+l+m + n = 4. 

Examples of the cycloalkadlenyl group Include cyclopentadienyl. methylcyclopentadienyl. ethyflcyclopen- 
tadienyl. dimethylcyclopentadienyl. indenyl and tetrahydroindenyl groups. Examples of the alkyI group 
include methyl, ethyl, propyl, isopropyl. butyl. hexyO. octyl. 2.ethyl-hexyl, decyl and oleyl groups. Examples 
of the aryl group include phenyl and tolyl groups. Examples of the aralkyi group include benzyl and neophyl 
groups. Examples of the cycloalkyl group include cyclopentyl, cycloiexyl. cyclooctyl. norbonyl and 
bicyclononyl groups and alkyI substituents of these groups. Besides, unsaturated aliphatic groups such as 
vinyl, allyl. propenyl, Isopropenyl and 1-butenyl groups and unsatura.ed alicyclic groups such as a 
cyclohexenyl group are also available. Examples of the halogen include fluorine, chlorine and bromine. 
Examples of the zirconium compound are as follows. 

bis(cyclopentadienyl)zlrconium monochloride monohydride. 

bis{cyclopentadienyl)zirconium monobromide monohydride. 

bis(cyclopentadienyl)methyl2irconium hydride, 

bis(cyclopentadienyf)ethyl2irconium hydride, 

bis(cyclopentadienyl)cyclohexylzirconium hydride. 

bis(cyclopentadienyl)phenyl2irconium hydride, 

bis(cyclopentadienyl)ben2yl2irconium hydride, 

bis(cyclopentadienyl)neopentylzirconium hydride, 

bis(methylcyclopentadienyl)zirconium monochlaride monohydride, 

bis(idenyl)2irconium monochloride monohydride, 

bis(cyclopentadienyl)2irconium dichloride 

bis(cyclopentadienyl)zlrconium dibromide, 

bis(cyclopentadienyl)methyl2irconium monochloride, 

bis(cyclopentadienyl)ethylzirconium monochloride. 

bis(cyclopentadienyl)cyclohexyl2irconium monochloride, 

bis(cyclopentadienyl)phenyl2irconium monochloride. 

bis(cyclopentadienyl)benzylzirconium monochloiride, 

bis(methylcyclopentadienyl) 2irconium dichloride. 

bis {pentamethylcyclopentadientyl)2irconium dichloride, 

bis(idenyl)2irconium dichloride. 

bis(indenyl)2irconium dibromide. 

bis(cyclopentadienyl)2irconium diphenyl. 

bis(cyclopentadienyl)2irconium dibenzyl. 

bis(cyclopentadienyl)methoxy2irconium chloride:, 

bis(cyclopentadienyl)methoxyzirconium chloride^, 

bis(cyclopentadieny1)ethoxy2irconium chloride, 
bis{cyclopentadienyl)butoxy2irconium chloride, 
bis(cyclopentadienyl)2-ethylhexoxy2irconium chloride, 
bis(cyclopentadienyl)methyl2irconium ethoxide, 
bis(cyclopentadienyl)methyl2irconium butoxide, 
bis(cyclopentadienyl)ethyl2irconiuim ethoxide. 
bis(cyclopentadienyl)phenyl2irconium ethoxide. 
bis(cyclopentadienyl)benzylzirconium ethoxide, 
bis(methylcyclopentadienyl)ethoxy2irconium chloride. 
bis(indenylethoxy)2irconium chloride, 
bis(cyclopentadienyl)ethoxy2irconium, 
bis(cyclopentadienyl)butoxy2irconium, 
bis(cyclopentadienyl)2-ethylhexoxy2irconium, 
bis(cyclopentadienyl)phenoxy2irconium chloride. 
bis(cyclopentadienyl)cyclohexoxy2irconium chloride, 
bis(cyclopentadienyl)phenylmethoxy2irconium chloride. 
bis(cyclopentadienyl)methyl2irconium phenylmethoxide, 
bis(cyclopentadienyl)trimethylsiloxy2irconium chloride. 
bis(cyclopentadienyl)triphenylsiloxy2irconium chloride, 
bis(cyclopentadienyl)thiophenyl2irconium chloride. 
bis(cyclopentadienyl)thloethylzjrconium chloride . 
bis(cyclopentadlenyl)bis(dimethylamide)zjrconiuim. 
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bis(cyclopentadienyl)diethylamide2irconium chloride. 

ethylenebis(indenyl)ethoxyzirconium chloride, 

ethylenebis(4,5,6,7-tetrahydro*l-indenyl)etho)€yzirconlum chloride, 

ethylenebis(indenyl)dimethyl2irconium. 
5 ethylenebis(indenyl)diethylzirconium. 

ethylenebis(indenyl)diphenylzirconium, 

ethylenebis(indenyl)dibenzytzirconium, 

ethylenebis(indenyl)methyl2irconium monobromide, 

ethylenebis(indenyl)ethylzirconium monochloride. 
70 ethylenebis(indenyl)benzylzirconium monochlloride, 

ethylen8bis(indenyl)methylzirconlum monochloride, 

ethylenebls(lndenyl)zirconium dichloride, 

ethylenebis(indenyl)zlrconium dibromide, 

ethylenebis(4,5,6.7-tetrahydro-1-indenyl)dimeithylzirconium, 
75 ethylenebis(4.5,6.7-tetrahydro-1 -indenyl)methylzirconium monochloride, 

ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)zirconium dichloride, 

ethylenebis(4,5.6,7-tetrahydro-1 -indenyl)zirconium dibromide, 

ethylenebis(4-methyl-1-indenyl)zirconium dichloride, 

ethylenebis(5-methyl-1 -indenyl)zirconium dichloride. 
20 ethylenebis(6-methyl-1 -indeny l)zirconium dichloride, 

ethylenebis(7-methyl-1 -indenyl)zirconium dichloride. 

ethylenebls(5-methoxy-1 -indenyl)zirconium diichloride, 

ethylenebis(2.3-dimethyl-1 -indenyl)zirconium dichloride, 

ethylenebis(4,7-dimethyl-1 -indenyl)zirconium dichloride. 
25 ethylenebis(4,7-dimethoxy-1-indenyl)zirconium dichloride, 

ethylenebis(indenyl)zirconium dimethoxide, 

ethylenebis(indenyl)zirconium diethoxide, 

ethylenebis(indenyl)methoxyzirconium chloride, 

ethylenebis(indenyl)ethoxyzirconium chloride. 
30 ethylenebis(indenyl)methylzirconium ethoxide, 

ethylenebis(4,5,6.7-tetrahydro-1-indenyl)zirconium dimethoxide, 

ethylenebis(4.5.6,7-tetrahydro-1 -indenyl)zirconium diethoxide. 

ethylenebis(4,5,6,7-tetrahydro-1-indenyl)methoxyzirconium chloride, 

ethylenebis(4,5,6.7-tetrahydro-1-indenyl)ethoxyzirconium chloride, and 
35 ethylenebis(4,5,6.7-tetrahydro-1 -indenyl)methy Izirconium ethoxide. 

Examples of the titanium compound are mentioned below. 

bis(cyclopentadi6nyl)titanium monochloride nnonohydride, 

bis(cyclopentadienyl)methyltitanium hydride, 

bis(cyclopentadienyl)phenyltitanium chloride, 
40 bis(cyciopentadienyl)benzyltitanium chloride. 

bis(cyclopentadienyl)titanium chloride. 

bis(cyclopentadienyl)titanium dibenzyl. 

bis(cyclopentadi6nyl)ethoxytitanium chloride. 

bis(cyclopentadienyl)butoxytitanium chloride. 
45 bis(cyctopentadienyl)methyltitanium ethoxide.. 

bis{cyclopentadienyl)phenoxytitanium chloride, 

bis(cycIopentadienyl)trimethylsiloxytitanium clhloride, 

bis(cyclopentadienyl)thiophenyltitanium chlori de. 

bis(cyclopentadienyi)bis(dimethylamide)titanium, 
50 bis(cyclopentadienyI)ethoxytitanium. 

ethylenebis(indenyl)titanium dichloride, and ethylenebis(4.5,6.7-tetrahydro-1-indenyl)titanium dichloride. 

Examples of the hafnium compound are mentioned below. 

bis(cyclopentadienyl)hafnium monochloride nr^onohydride. 

bis(cyclopentadienyl)ethylhafnium hydride. 
55 bis(cyclopentadienyl)phenylhafnium chloride, 

bis(cyclopentadienyl)hafnium dichloride, 

bis (cyclopentadienyl)hafnium dibenzyl. 

bis(cyclopentadienyl) ethoxyhafnium chloride. 

11 



EP 0 279 586 B1 



75 



20 



25 



30 



bis(cyclopentadienyl)butoxyhafnium chloride. 
bis(cyclopentadienyl)methyIhafniulm ethoxide. 
bis(cyclopentadienyl)phenoxyhafnium chloride. 
bis{cyclopentadienyl)thiophenylhafnium chloride. 
b.s{cyclopentadienyl)bis(diethylamide)hafnium. 
ethylenebis{idenyl)hafnium dichloride. and 

ethylenebls(4.5.6.7.tetrahydro-1.indenyl)hafniurndichloride 

ized In the presence of the cateiv^^^^^^^^^^^^ copolymer. Examples of olefins that can be polymer- 

as ethylene propyplene 1 S^^^ '^'T'''^' '^'"^ ' 

R%R'qAIX3-p_p 

»ylo», group, X i„l/, ^a«^7;iXo rdS^o'''"^ '"^ ' "° = »' - 

The polymerization pressure is usually a normal pressure to ion L/rla ^ , ' 

40 pressure of 2 to 50 ko/rm2 Th» • . pressure to 100 kg/cm", preferably an increased 

continuousi . FuLr thff^lyiSo^^^^^^^ be performed batchwise, semi-contlr,uously or 

different in Lction conte'^^^ ^-^^'"9 " «wo or more stages 

solid^rt:.yt%::t r Prepolymeriza.ion of olefins in the presence of the 
alpha-olefin in an amount Tl to Too n or^^^^^^^ Polymerizing an 

The temperature of the prepolvmerization is -pn-r vn.r- < ... 
preferably 0-C to 50 -C y^enzation is 20 C to 70 -C. preferably -10 -C to 60 -C. more 
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aforesaid examples of the aluminoxane-insoluble or -sparingly soluble solvent can be taken as the inert 
hydrocarbon solvent used in the prepolymerization. 

In the prepolymerization, the concentration of the solid catalyst in the prepolymerization reaction system 
is usually 10"^ to 1 gram-atom/liter, preferably 10"* to 10"^ gram-atom/iiter. 

This Invention can provide the finely divided aluminoxane having the large specific surface area and the 
uniform particle size, and the process for producing same. By using the finely divided aluminoxane as the 
catalyst component, the solid catalyst for polymerization of olefins showing the very high polymerization 
activity in homopolymerization or copolymerization of olefins is obtained which can produce the polymers 
and copolymers having the high bulk specific gravity and the uniform particle size, containing less fine 
powder and having the narrow molecular weight distribution and the narow composition distribiution in case 
of the copolymers. 

EXAMPLES 

The following Examples illustrate this invention in more detail. 
Synthesis of aluminoxane 

A 400-milliliter glass flask equipped with a stirrer which was thoroughly purged with nitrogen was 
charged with 37 g of Al2(S04)3.14H20 and 125 ml of toluene. After the mixture was cooled to 0*C, 125 ml 
of toluene containing 50 ml of trimethylalumiinum was added dropwise over the course of 1 hour. 
Subsequently, the temperature was elevated to 40* C for 3 hours, and the reaction continued at that 
temperature for 48 hours. After the reaction, a solid/liquid separation was conducted by filtration. Low- 
boiling substances were removed from the separated liquid by means of an evaporator. Toluene was added 
to the remaining solid which was collected as a toluene solution. 

The molecular weight found from freezing point depression In benzene was 884. and the degree of 
polymerization of the aluminoxane was therefore 15. 

Example 1 

[Preparation of finely divided aluminoxane] 

A 300-milliliter reactor fitted with a stirrer, capable of pressure reduction, was charged with 67 ml of a 
toluene solution containing 100 millimoleis, as aluminum atom, of the above methylaluminoxane. Thereafter, 
100 ml of purified n-decane was added at room temperature over the course of about 0.5 hour under 
stirring to precipitate methylaluminoxane. Subsequently, while reducing the pressure of the inside of the 
reactor to 4 torr through a vacuum pump, the temperature of the inside of the reactor was raised to 35*C 
over the course of about 3 hours to remove toluene in the reactor and further precipitate methylaluminox- 
ane. The reaction liquid was filtered by a filter to remove the liquid portion. There resulted a finely divided 
aluminoxane. Said finely divided aluminoxane had the average particle size of 29 um, the specific surface 
area of 168 m^/g and the ratio of it dissolved in n-hexane of 25*C of l.3mole%. 

[Preparation of a solid catalyst] 

The finely divided aluminoxane was resuspended in n-decane and 5 ml of a toluene solution containing 
0.2 millimoles of bis(cyclopentadienyl)zirconium dichloride was added thereto. After mixing them at room 
temperature for about 1 hour, the liquid phase portion was removed by a filter. There resulted a solid 
catalyst for polymerization of olefins.^ 

The solid catalyst had the zirconium content of 0.6% by weight and the aluminum content of 47% by 
weight, and the average particle size found by observation of a microscope was about 30 um. The specific 
suflace area was 171 m^/g, and the density was 1.18 g/ml. 

[Prepolymerization] 

A 400-milliliter reactor fitted with a stirrer was charged in an atmosphere of nitrogen with 100 ml of 
purified n-decane and 0.1 millimole. as zirconium atom, of the above solid catalyst, followed by feeding 
ethylene for 1 hour at a rate of 4 Nl/hr. During this time, the temperature was kept at 20 • C. After feeding of 
ethylen was over, the Inside of the reactor was purged with nitrogen and then washed once with purified 
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hexane. The product was resuspended in hexane ar.d stored in a catalyst bottle. 
[Polymerization] 
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Example 5 

Slurry polymerization was carried out using the solid catalyst in Example 1. Namely, a 2-liter autoclave 
thoroughly replaced with ethylene was charged with 450 g of liquefied sobutane. and the temperature was 
elevated to 60 -C. After adding 0.008 millimole. as zirconium atom, of the solid catalysi component 
subjected to prepolymerization described in Example 1, 80 ml of 4-methyl-l-pentene and 50 Nml of 
hydrogen were added. Subsequently, ethylene was introduced to keep the internal pressure of the 
autoclave at 3.5 kg/cm^ for 1 hour. During this time, the temperature was adjusted to 70-C One hour later 
about 2 ml of methanol was added to the autoclave and the polynrerization was completely stopped" 
followed by releasing the pressure. The obtained polymer was recovered and dried overnight at 80-C in 
vacuo. The amount of the resulting polymer was 216.7 g. Said polymer had MFR of 0.8 dg/min the 
apparent bulk density of 0.42 g/ml, the density of 0.912 g/ml and Mw/Mr of 2.8. 

Example 6 

Three hundred milliliters of a toluene solution containing 500 millimoles. as aluminium atom of 
methylalummoxane was sprayed concurrently witlh hot nitrogen of 120 'C using a spray dryer having a two- 
fluid nozzle with a spray nozzle 0.25 mm in diameter while keeping il at 50 -C. As a result, toluene was 
evaporated and aluminoxane solid particles were obtained. The finely divided aluminoxane had the average 
particle size of 46 urn and the specific surface area of 130 m^/g. To a suspension comprising 5 8 q of the 
resulting aluminoxane particles and 100 ml of n-decane was added 5 ml of a toluene solution containing 0 2 
milhmole of bis(cyclopentadienyl)zirconium dichloride with stirring. After they were mixed at room tempera- 
ture for about 1 hour, a liquid phase portion was removed by a filter, m consequence, a solid catalyst for 
polymerization of olefins was obtained. 

The solid catalyst had the zirconium content: of 0.6% by weight and the aluminium content of 46% by 
weight. The average catalyst particle size found by observation of a microscope was about 47 um The 
specific surface area was 126 m^/g. Prepolymerization and gaseous phase polymerization of ethylene were 
carried out as in Example 1. The results are as sfiown in Table 1. 

Example 7 

A solid catalyst was prepared as in Example 1 except that the amount of bis(cyclopentadienyl)zirconium 
dichlonde was changed from 0.2 millimole to 0.33 millimole. Prepolymerization and gaseous phase 
polymenzatlon were carried out as in Example 1 . The results are shown in Table 2. 

Example 8 

A solid catalyst was prepared as in Example 1 except that the amount of bis(cyclopentadienyl)zirconium 
dichloride was changed from 0.2 millimole to 0.5 millimole. Prepolymerization and gaseous phase poly- 
menzation were carried out as in Example 1. The results are shown in Table 2. 

Example 9 

Gaseous phase polymerization of ethylene was performed as in Exanple 8 except that 1.3 millimoles of 
tnisobutylaluminum was added just before the addition of the solid catalyst component subjected to 
prepolymerization. The results are shown in Table 2. 
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Example 10 

[Preparation of finely divided aluminoxane] 

A 300-mlHiliter reactor fitted with a stirrer, capable of pressure reduction, was charged with 67 ml of a 
TZi^ZlT 100 miliimoles. as ^uminum atom, of the above methylaminoxan^ 1 m 
of punfied n-decane was added at room temperature over the course of about 0.5 hour with stirring To 
torr« tr ' ""'"T" ^"''^^^-""y- -^-ng the pressure of the inside of the realtor ?o 4 
orr by a vacuum pump, the temperature of the inside of the reactor was aised to 35'C for aboiJtThours 
iTfmer TVT.'T' rnethylaluminoxane. The reaction liquid tas fiJered 

rLni lnnCh ^ " '""'^ resuspended in about 60 ml of 

hexane and the suspension was moved to a catalyst bottle. The finely divided aluminoxane had the average 

d^;:: m^r . -'-^ " — " 

[Polymerization] 

tho f/-liter autoclave thoroughly replaced with ethylene was charged with 1 liter of purified n-decane and 

mniimZf '^"^ *° '^^'"9 ° °' = 1.2-dichloroethane solution containing 3 

milhrnoles as aum.num atom, of the above finely divided aluminoxaie and 0.010 millimole of bis- 
cyclopentad.enyl)2irconium dichloride. the temperature was raised to 80 -C. ethylene was introduced and 

iroT^ll r^^'^V" « Tt^"^- polymerization was performed for 1 hour. There resulted 

87 g of a polyethylene powder. 

Claims 

1. A finely divided aluminoxane comprising an aluminoxane represented by formula (I) or [II] 

R,M-(0-Alf AIR- II) 



Uo-Alf 



in+2 
R 



III] 



2 to 50^'^'" " ^ hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 

and having an average particle size of 5 to 200 um and a specific surface area of 20 to 1.000 mVg. 

^ ^.^r'T^"^ ^""""^'"^ '° ^ " '^^"^'^^ ^ hydrocartDon group having 1 to 4 carbon 

^S^^e^l^islSTsoO :T ' '^^''^'^ '^'^ ^"^ ^'^^'^'"'^ 

3. An aluminoxane according to claim 1 or 2 wherein the density is 0.7 to 1 .7 g/ml. 

4. An aluminoxane according to claim 3 wherein the density is 0.9 to 1 .5 g/ml. 

^' m iTlTr ^^""""^'"^ '° ^"^ °* '''^ aluminoxane of formula [I] or 

III] IS methylaluminoxane or an aluminoxane composed of mixed oxyaUminum units of formula 

•fOAli 

I 

R 

containing at least an oxymethylaluminum units of formula 
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6. An aluminoxane according to any one of the preceding claims wherein in formula [I] or [II] R is a 
methyl group and m is an integer of 10 to 30. the average particis size is 20 to 60 um„ the specific 
surface area is 100 to 300 mVg and the density is 0.9 to 1.5 g/ml, 

7. A process for producing a finely divided aluminoxane as claimed n any one of the preceding claims 
which comprises contacting a solution of an aluminoxane represented by formula [I] or [II] as defined in 
claim 1 with an aluminoxane-insoluble or -sparingly soluble solvent to precipitate the finely divided solid 
aluminoxane in suspension. 

a A process according to claim 7 wherein an aBiphatic or alicyclic hydrocarbon is used as said solvent. 

9. A process according to claim 7 or 8 wherein said solvent is used in an amount of 10 to 10^000 parts by 
weight per 100 parts by weight of the solution of aluminoxane. 

10. A process for producing a finely divided aluminoxane as claimed in any one of claims 1 to 6 which 
comprises spray drying a solution of an aluminoxane represented by formula [I] or [II] as defined in 
claim 1 to form the finely divided solid aluminoxane. 

11. A process according to claim 10 wherein the solution of the aluminoxane is sprayed using an inert gas 
heated at a temperature 10 to 500- C higher than the boiling point of the solvent by means of a two- 
fluid nozzle maintained at a temperature 5 to 50* C lower than the boiling point of the solvent. 

12. Use of a finely divided aluminoxane as claimed in iany one of claims 1 to 6 as a catalyst component in 
the polymerization of olefins. 

Patentanspruche 

1. Fein verteiltes Aluminoxan, umfassend ein Aluminoxan, dargestellt durch die Formel [I] oder [II] 



worin R eine Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen, und m erne ganze Zahl von 2 
bis 50 bedeutet. welches eine mittlere TeilchengrSsse von 5 bis 200 um hat. und eine spezifische 
OberflMche von 20 bis 1.000 m^/g aufweist. 

2. Aluminoxan gemass Anspruch 1 , worin R eine Kohlenwasserstoffgruppe mit 1 bis 4 Kohlenstoffatomen. 
und m eine ganze Zahl von 6 bis 40 bedeutet. die mittlere Teilchengrosse 10 bis 100 um ist. und die 
spezifische Oberflache 50 bis 500 m^/g betraigt. 

3. Aluminoxan gemass Anspruch 1 oder 2, worin die Dichte 0.7 bis 1.7 g/ml ist. 

4. Aluminoxan gemass Anspruch 3, worin die Dichte 0.9 bis 1.5 g/ml ist. 
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8. 



mtT.".^^""^'" ^'"^"^ vorhergehenden Anspriiche. worin das Aluminoxan der Fora^el (II Oder 
nn^ethylalummoxan. Oder ein Aluminoxar, 1st. das aus gemischten Oxyalumlnium Einheitenlr 



R 

zusammengesetet ist. die mindestens eine Oxymethylaluminium Einheit der Formel 

tOAl^ 
CH3 

enthalten. 

Aluminoxan gemass einem der vorhergehenden Anspruche, worin ir, der Formel [I] oder [ill] R eine 
Methy^ruppe und rn eine ganze Zahl von 10 bis 30 bedeutet. die n,lttlere Teilchengrosse 20 bis 60 
urn. die speafische Oberflache 100 bis 300 mVg, und die Oichte 0.9 tis 1 .5 g/ml ist. 

^hp'^h'rrrc""' ^'^^Ta^ ^'"^^ ^^^^^t^" Aluminoxans. wie in eirem der vorhergehenden AnsprO- 
F^rmT^ m r'"''' "-Ssung eines Aluminoxans. da^gestellt durch die 

SZ ' 1« ' ^ T r '"'"^^ ' "'"""^ Alumlnoxanunloslichen oder schwerloslichen 

Losungsmittel, urn das fein verteilte. feste Aluminoxan in Suspension auszufallen. 

i'rlTveSet w^"'' a^P^atischer oder allcyclischer Kohlenwas- 



9. Verfahren gemass Anspruch 7 oder 8, worin das Losungsmittel In einer Menge von 10 bis 10000 
Gewichtsteilen pro 100 Gewichtsteile der Losung von Aluminoxan. verwendet wird 

10. Verfahren zur Herstellung eines fein verteilten Aluminoxans. wie in einem der Anspruche 1 bis 6 

F^m OH Jn.?'' "T'' "'""^ "-^^""S Abminoxans. dargestellt durch die 

Formel [I] oder (II] w.e m Anspruch 1 definiert. urn das fein verteilte. feste Aluminoxan zu bilden. 

11. Verfahren gemMss Anspruch 10, worin die Losung des Aluminoxans unter Verwendung eines Inertga- 
ses. erwarmt auf e.ne Temperatur. die 10 bis 500-C hoher ist als der Siedepunkt des Losungsmlttels 
m,ttels emer Zwe.s,offdase gesprOht wIrd. und aufrechterhalten der L6sung bei einer TemperatuTdTe 5 
bis 50- C niedriger ist. als der Siedepunkt des LSsungsmittels. 

K^tTiTl^'""" Aluminoxans. wie in einem der Anspruche 1 bis 6 beansprucht. als 

Katalysator Komponente, zur Polymerisation von Olefinen. 

Revendications 

1. Aluminoxane finement divis^. comprenant un aluminoxane represent^ par la formule [I] ou [II] 

R2Al-(0-Al)n-ALR2 [13 
R 

' (0-Al)ni+2-^ [II] 

R 
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formules dans lesquelles R repr^sente un groupe hydrocarbone comportant de 1 a 10 atomes de 
carbone et m represente un nombre entier valant de 2 a 50. dont les particuies ont une taiille moyenne 
valant de 5 a 200 unn, et dont I'aire specifiquie vaut de 20 a 1000 nn-/g. 

5 2. Aluminoxane conforme a la revendication 1, dans lequel R reDresente un groupe hydrocarbone 
comportant de 1 a 4 atonr^es de carbone et m represente un nombre entier valant de 6 a 40. dont les 
particuies ont une taille moyenne valant de 10 a 100 urn et dont I'aire specifique vaut de 50 a 500 
m2/g. 

70 3. Aluminoxane conforme k la revendication 1 ou 2, dont la densite vaut de 0,7 k 1 ,7 g/cm^. 

4. Aluminoxane conforme a la revendication 3, dont la densite vaut de 0.9 a 1 ,5 g/cm^, 

5. Aluminoxane conforme a Tune quelconque des revendications precedentes, dans lequel I'aluminoxane 
75 de formule [I] ou [II] est un methytaluminoxane ou un aluminoxane constitue d'un melange de motifs de 

type oxyaluminium, de formule -(0-AI{R))-: comportant au moins un motif de type oxymethylaluminium, 
de formule -(0-AI{CH3))-. 

6. Aluminoxane conforme a Tune quelconque des revendications precedentes, dans lequel, dans la 
20 formule [I] ou [II], R represente un groupe methyle et m represente un nombre entier valant de 10 a 30, 

et dont les particuies ont une taille moyenne valant de 20 a 60 um, dont Paire specifique vaut de 100 a 
300 m2/g et dont la densite vaut de 0,9 a 1 ,5 g/cm^. 

7. Precede de production d'un aluminoxane finement divise, conforme a Tune quelconque des revendica- 
25 tions precedentes. qui comporte le fait de mettre une solution d'un aluminoxane de formule [I] ou [11], 

d^fini dans la revendication 1, en contact avec un soivant qui ne dissout pas ralumimoxane ou le 
dissout faiblement. de fagon a faire preclpiter I'aluminoxane et a obtenir une suspension d'aluminoxane 
solide finement divise. 

30 8. Proc^de conforme h la revendication 7, dans lequel on utilise un hydrocarbure aliphatique ou 
aiicyclique en tant que ledit soivant. 

9. Proc^de conforme h la revendication 7 ou 8. dans lequel on utilise ladit soivant en une quantite de 10 li 
10,000 parties en poids pour 100 parties en poids de la solution d'aluminoxane. 

35 

10. Precede de production d'un aluminoxane finement divise, conforms a Tune des revendications 1 a 6, 
qui comporte le sechage par pulverisation d"une solution d'un aluminoxane de formule [I] ou [II], defini 
dans la revendication 1, pour former Taluminoxane solide finement divise. 

40 11. Precede conforme a la revendication 10, dans lequel on pulverise la solution d'aluminoxane en utilisant 
un gaz inerte chauffe k une tiemperature sup^rieure de 10 k 500*3 au point d'ebullition du soivant. k 
I'aide d'une tuyere a deux fluides qui est maintenue a une temperature inferieure de 5 a 50*C au point 
d'ebullition du soivant. 

45 12. Utilisation d'un aluminoxane finement divise, conforme a I'une des revendications 1 a 6, en tant que 
composant de catalyseur dans la polymerisation d'oiefines. 
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